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Reply to Comment on “Dislocation Structure
and Mobility in hcp 4He”
In our recent Letter [1] we report path-integral Monte
Carlo simulations considering the structure and mobility
of basal-plane dislocations in hcp 4He and discuss the re-
sults in the context of (i) observations of giant plasticity
and (ii) recent mass-flow junction experiments. In their
Comment [2] Kuklov and Svistunov argue that, (a) our
discussion of part (ii) is misleading, (b) our results do
not provide new insight into dislocation dissociation nor
superfluidity of dislocation cores and (c) our calculations
lack control of the numerical data. In the following
paragraphs we discuss their assertions.
In (a) the authors of the Comment argue that our
statement that “the interpretation of recent mass flow
experiments in terms of a network of 1D Lüttinger-liquid
systems in the form of superfluid dislocation cores does
not involve basal-plane dislocations” is misleading. This
assertion is likely to be due to a misunderstanding regard-
ing the definition of basal-plane dislocations. In our Let-
ter, we define basal-plane dislocations as those that have
both line direction and their Burgers vector contained in
the basal plane. This terminology is consistent with the
fact that it is this set of dislocations that mediates basal
slip, the dominant mechanism for plastic deformation in
hcp 4He[8, 9]. Our results imply that this class of dislo-
cations, also responsible for the observed giant plasticity
in hcp 4He, do not have superfluid cores and thus are not
expected to be involved in the detected mass-flow phe-
nomena. In this sense there is nothing misleading about
the above-mentioned statement.
In (b), it is argued that Ref. [1] “neither negates the
results of” their earlier work [3, 4, 6, 7], “nor provides
new insights into superfluidity of dislocations.” In par-
ticular, they mention the lack of novelty in our reports
of dislocation dissociation and the absence of superfluid-
ity. We disagree with this point. With the exception of a
referral to unpublished results in Ref. [7] concerning the
nonsuperfluid dissociation of the same basal-plane edge
dislocation studied in our Letter, none of the dislocations
discussed in Refs. [3, 4, 6, 7] are of the basal-plane type
according to our definition and thus are different from
those we discuss.
Item (c) questions technical issues of our simulations.
In particular, it argues that the absence of superfluidity is
“most likely” a “lack of control of the numerical data” due
to ergodicity issues in the used permutation-sampling al-
gorithm. Indeed, this algorithm runs into trouble when
the size of the computational cell becomes large. How-
ever, even though the numbers of atoms in the cells are
large, their size along the dislocation lines remain small,
spanning ∼ 8 atomic distances. In other words, the wind-
ing paths along the dislocation cores remain sufficiently
short to enable sampling of such paths. Indeed, fleeting
cycles of lengths of 6-10 were routinely detected and our
observation of the absence of superfluidity is robust.
Finally, it is worth noting that our work also represents
a novelty in the context of technical execution. It is well
known that for atomistic simulations of dislocations to
produce meaningful results, utmost care must be taken
with the boundary conditions. In Ref. [1] this has been
done rigorously, allowing the dislocation dipoles to fully
relax in the isothermal-isostress ensemble and analyzing
in detail the image effects due to the periodic boundary
conditions. In the simulations described in Refs. [3, 4],
on the other hand, this issue has not been treated on the
same level. Specifically, single dislocations were modeled
using cylinder-type computational cells featuring frozen
atoms on the outside. It is an established fact [10, 11]
that such an approach introduces incompatibility
stresses and that the failure to relieve them, for instance
by using Green’s function boundary conditions [11], may
result in incorrect dislocation core structures.
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